A 43-year-old man was admitted with end-stage renal disease caused by IgA nephropathy, and was treated with maintenance peritoneal dialysis. The patient developed general fatigue and appetite loss, and his symptoms were gradually aggravated by depression. After approximately 2 months on dialysis, the patient presented with altered consciousness and ophthalmoplegia. Wernicke's encephalopathy was diagnosed based on the presence of classic symptoms and the findings on magnetic resonance imaging. Thiamine replacement therapy was immediately initiated. The patient recovered from most of his neurological symptoms; however, the sequela of Korsakoff syndrome remained. A marginal thiamine deficiency in combination with predisposing factors must be considered when treating dialysis patients.
Introduction
The loss of water-soluble vitamins increases during dialysis (1, 2) , and Wernicke's encephalopathy (WE), a thiamine (Vitamin B1) deficiency disorder, is occasionally encountered in patients who undergo hemodialysis (HD) and peritoneal dialysis (PD). However, the diagnoses in most of the reported cases have only been confirmed at autopsy (3, 4) since the symptoms of WE are often confused with the cerebral complications of dialysis, which can include uremic encephalopathy, disequilibrium syndrome and dialysis dementia. We herein report a clinically diagnosed case of WE that developed during the introduction period of PD. The patient recovered considerably following the administration of intravenous thiamine, but the symptoms of Korsakoff syndrome persisted.
Case Report
A 43-year-old Japanese man was admitted to our hospital with end stage renal disease (ESRD) accompanied by a loss of appetite. At 30 years of age, the patient had undergone total gastrectomy and Roux-en-Y reconstruction for the treatment of gastric cancer. At 35 years of age, microscopic hematuria and proteinuria were noted during an annual medical examination, and IgA nephropathy was diagnosed by renal biopsy. The patient's renal function gradually deteriorated even with treatment, and he was eventually admitted with ESRD. His clinical course administered in our hospital is detailed in Fig. 1 . The loss of appetite due to uremia presented gradually, and HD was started on hospital day 20. PD was subsequently introduced after the insertion of a peritoneal catheter. Two weeks after the introduction of PD, the patient experienced an additional loss of appetite, even though no significant changes were observed upon repeated examinations. His symptoms escalated gradually, and he ex- perienced a loss of visual focus and dizziness one month later. He also made a suicide attempt. On hospital day 98, he was diagnosed with depression, and was subsequently moved to the psychiatric ward. Despite the administration of paroxetine and trazodone, his depression worsened and he became delirious. Following an administration of haloperidol, the patient developed a high fever and muscle rigidity. His serum creatine kinase (CK) was elevated to 2,914 U/L. Dantrolene sodium therapy was initiated because the patient was experiencing haloperidol induced-malignant syndrome. However, his consciousness level still remained unclear.
He was moved back into our division on hospital day 111. Upon re-admission, the patient was unconscious (Glasgow Coma Scale: 8 points; E4, V1 and M3). His blood pressure was 106/64 mmHg, his pulse rate was 80/min with a regular rhythm, and his respiratory rate was 28/min. His oxygenation was poor, with an SpO2 level of 93% on room air. His body temperature was 37.4 . A physical examination revealed dry skin and poor turgor, but there was no edema present. His breath sounds were vesicular and systolic murmurs (Levine II/VI) were audible. No abnormal findings were observed in the abdomen. A neurologic examination demonstrated ocular abnormalities (abduction and supraduction were disordered), lagophthalmos and myoclonus of the maniphalanx. The patient's wrist and elbow joints were flexed, and he demonstrated cogwheel rigidity in the joints of the extremities. His deep tendon reflexes were slightly increased. The sensory systems could not be evaluated because of the patient's diminished level of consciousness.
The laboratory data related to this admission are shown in Table 1 . A lumbar puncture yielded clear cerebrospinal fluid 
A B
with a normal cell count. Plain chest radiographs showed pulmonary congestion and cardiomegaly, with a cardiothoracic ratio of 53.8%. Electrocardiogram at rest revealed negative T-waves in V1-4, and an ultrasonic cardiogram showed impaired left ventricular (LV) function with an ejection fraction of 48.9%. The basal region of the LV was hypercontractile, and apical ballooning was noted. The size of the collapsed inferior vena cava upon exhalation was 9.7 mm. The findings from brain computed tomography studies were within normal limits. WE was suspected due to the patient's characteristic ophthalmoplegia. Hence, we measured his serum thiamine concentration and simultaneously started treatment with intravenous thiamine. A diagnosis of WE was also supported by the typical findings on magnetic resonance imaging (MRI), including an abnormal increase in the signal on the T2wighted image of the thalamus ( Fig. 2A) . The loss of muscular strength and deep tendon reflex were gradually manifested with the concurrent loss of muscle rigidity after the administration of dantrolene sodium. These findings were also consistent with manifestations of WE, and a reduced serum thiamine level of 14 ng/mL (normal range, 20-50 ng/ mL), was confirmed. Meanwhile, the patient's heart failure was attributed to takotsubo cardiomyopathy. This condition is considered to be a stress-induced cardiomyopathy and is diagnosed by typical ultrasonic manifestations, such as basal hypercontractility and apical akinesis.
Thiamine was administered at a dose of 500 mg/day for 3 days, and continued at 100 mg/day for an additional 23 days. After the intravenous thiamine treatment, the patient's level of consciousness, ocular abnormalities and lagophthalmos improved rapidly. His muscular strength also improved slowly, and the patient was able to walk on his own 50 days later. A repeat brain MRI showed no abnormal intensity (Fig. 2B) . Moreover, the stress-induced heart failure also im-proved. However, the patient's short-term memory was still unclear, and confabulation was observed. It appeared that Korsakov syndrome had remained as a neurological sequela. Since the patient could not perform PD by himself, hemodialysis was initiated after the operation of A-V fistura. At 112 days after the thiamine administration, the patient was moved to another hospital for rehabilitation.
Discussion
In dialysis patients with an altered level of consciousness, the following conditions should be distinguished: uremic encephalopathy, dialysis disequilibrium syndrome, cerebrovascular accident, central nervous system infection, drug intoxication and WE. In the present case, the characteristic ophthalmoplegia provided us the impetus to suspect WE, even though the malignant syndrome and depression made it difficult to definitively diagnose the condition. Nonetheless, a diagnosis of WE was made based on the typical findings on the brain MRI and the low serum level of thiamine.
The pathogenesis of WE involves acute hemorrhagic encephalitis in the gray matter due to thiamine deficiency (5, 6) . Thiamine, a representative water-soluble vitamin, is absorbed into the intestinal epithelium by active and passive transport, and is known to be stored in the liver, brain, heart, kidney and skeletal muscle (3) . As a cofactor of pyruvate dehydrogenase, thiamine plays an essential role in normal glucose metabolism (7) . Thiamine deficiency produces a diffuse decrease in cerebral glucose metabolism. Brain tissues can be particularly damaged by this deficiency, especially the basal ganglia, which are susceptible to hypoxia because of their high oxidative metabolism. Patients lacking thiamine may have nonspecific complaints in the early stages such as general fatigue, depression, appetite loss and dizziness. As the deficiency progresses to WE, patients can develop lactic acidosis, peripheral neuropathy (dry beriberi) and congestive heart failure (wet beriberi) (8) . WE is characterized by the triad of ophthalmoplegia, ataxia and a disturbance of consciousness (5, 6, 9) . However, a definitive diagnosis of WE can be difficult because patients with WE often show various additional atypical neurological symptoms. Moreover, the alteration of consciousness sometimes obscures the preceding ataxia and ophthalmoplegia (9) ( Table 2 ). Furthermore, the measurement of a serum thiamine concentration requires about 10 days. Ebels reported that out of 22 deceased patients with WE, only 1 had been diagnosed before death (4) . It has recently been reported that MRI of the brain can be instrumental in diagnosing WE and in ruling out other pathologies (10) . In our case, the characteristic ophthalmoplegia and a slightly enhanced signal in the thalamus on T2weighted MRI provided us with an established diagnosis, even though the multiple atypical neurological manifestations of WE required us to also differentiate the malignant syndrome and the patient's depression.
Intravenous thiamine administration in conjunction with a normal diet is recommended as standard practice for the treatment of WE (6) . While an immediate treatment can result in a complete recovery without any sequelae, a delay in treatment may result in coma or death (3) . The reported mortality rate of WE is 20%, and 85% of the survivors are left with Korsakoff syndrome at the conclusion of thiamine treatment (11) . This phenomenon was reflected in our case, as the patient's motor function was recovered with the thiamine administration, but the memory disturbance and confabulation remained, indicating persistent Korsakov syndrome.
Patients receiving hemodialysis are at risk for developing a thiamine deficiency because of a low intake of this watersoluble vitamin and its additional loss into the dialysate (2, 12) . In PD, these conditions are even more severe than in HD, and the blood levels of thiamine have been found to be reduced at every measured point after the induction of PD (1, 13) . Therefore, it is recommended that PD patients be routinely monitored for thiamine deficiency from the induction period. In addition, thiamine deficiency is closely linked to a number of other conditions affecting thiamine uptake and metabolism, including alcoholism, intravenous hyperalimentation without vitamins, hyperemesis gravidarum, starvation and post-gastrointestinal surgery (2). Since our patient had been in a post-gastrectomy state and had maintained a restricted diet, even greater attention should have been paid to a potential lack of thiamine. Moreover, since his appetite loss and various general symptoms could have indicated the early signs of WE, we should have started his thiamine supplementation sooner in order to prevent the occurrence of Korsakoff syndrome.
In conclusion, the treating physician should be mindful of the fact that some dialysis patients may remain in a state of a marginal thiamine deficiency, and, in combination with predisposing factors, are easily apt to develop WE. Since even the smallest delay in an accurate diagnosis is associated with high frequencies of mortality and neurological sequelae, even a slight suspicion of WE should prompt the immediate administration of thiamine. Moreover, routine thiamine supplementation should also be considered for dialysis patients.
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